ABSTRACT: The genus Juniperus L. (Cupressaceae) consists of ca. 67 species and 34 varieties. Juniperus communis L. grows on dry hills or mountainous tracts and is widely distributed in the northern hemisphere. A typical variety J. communis L. var. communis was collected in Deliblatska peščara (Deliblato Sands) and variety J. communis L. var. saxatilis Pall. in Kopaonik Mountain. Needle essential oils were obtained using Clevenger apparatus and analyzed using GC/MS and GC/FID. Antioxidant activity of essential oils was evaluated using DPPH assay. A total of 78 compounds were detected and identified. Both oils are characterized by high abundance of monoterpenes. The main constituents of J. communis var. communis essential oil were sabinene (39.4%), α-pinene (13.3%), myrcene (4.7%) and terpinen-4-ol (3.7%), while J. communis var. saxatilis essential oil had α-pinene (34.9%), sabinene (20.3%), δ-3-carene (6.4%) and germacrene B (6.3%) as the most abundant components. DPPH test showed IC 50 values 0.66 mg/ml for J. communis var. communis and 0.32 mg/ml for J. communis var. saxatilis. Although antioxidant activity was weaker than used standards (BHT and L-ascorbic acid) it is still significant.
INTRODUCTION
Juniperus communis L. (common juniper) is one of the ca. 67 species that belong to genus Juniperus L. (Cupressaceae). It can be found growing on different soils (i.e. limestone, serpentine, volcano rocks, sands) and in different habitats (i.e. rocky cliffs, alpine meadows, semi-deserts and sand dunes, abandoned rural areas, but also in swamps), from sea level up to 2,800 meters above sea level (masl) (Vidaković 1982; Farjon 2001; Adams 2011; Farjon and Filer 2013) . This very high adaptability to a large variety of habitats is followed with great morphological and phytochemical diversity. Even though this taxon is one of the most studied taxa within the Juniperus genus, its taxonomic status is still unresolved. According to Farjon, there are five varieties (var. communis, var. depressa, var. megistocarpa, var. nipponica and var. saxatilis) , while Adams recognises two more varieties (var. charlotensis, var. jacki) (Adams 2011; Farjon and Filer 2013) . Furthermore, some authors recognise varieties of this species at the level of subspecies or species (Adams 2011) . Two varieties grow in Serbia and the Balkans -J. communis L. var. communis and J. communis L. var. saxatilis Pall. (Jovanović 1970; Tutin et al., 1976; Vidaković 1982) .
Both leaves and berries of the common juniper are used in traditional medicine and for preparation of brandy, thus many papers dealt with biological activity of essential oil obtained from seed cones and needles (Angioni et al., 2003; Pepeljnjak et al., 2005; Glisić et al., 2007; Misharina et al., 2009; Martz et al., 2009; Abdel-Maksouda and El-Aminb 2011; Tumen et al., 2011; Öztürk et al., 2011; Vermaak et al., 2011; Hădărugă et al., 2011; Vourlioti-Arapi et al., 2011; Boulogne et al., 2012; Haq 2012; Kloucek et al., 2012) . However, antioxidant activity of essential oil obtained from leaves of common juniper has not been studied in populations originating from the Balkans. The aim of this research was to assess potential antioxidant properties of leaf essential oils obtained from two varieties growing wild in Serbia. 
MATERIAL AND METHODS
Plant material was collected in summer 2009 from two very different localities in Serbia regarding their altitude, pedological composition and climate conditions. Juniperus communis var. communis was collected from the locality of Stara Šušara (Deliblatska Peščara, a part of the Pannonian Plain), while J. communis var. saxatilis was collected from the locality of Jelica (Kopaonik Mt.). The plant material was frozen until essential oil isolation. The essential oil was submitted to hydrodistillation for 2 h using Clevenger-type apparatus. Part of the oil was dissolved in dichloromethane and analysed using GC/FID and GC/ MS, and the other part was used in assessing antioxidant activity of the oil.
The GC-FID and GC/MS analyses were performed with an Agilent 7890A apparatus equipped with an auto-injection system (Agilent 7683B Series), an inert 5975C XL EI/ CI mass-selective detector (MSD) and a flame ionization detector (FID) connected by a capillary flow technology 2-way splitter with make-up, and an HP-5 MS capillary column (30 m/0.25 mm i.e., film thickness 0.25 mm). The oven temperature was programmed to increase linearly from 60 to 300 ° at the rate of 3 °/min and then held isothermal at 300 ° for 10 min; injector temperature -250 °; detector temperature -300 °; source temperature -230 °; quadrupole temperature -150 °; carrier gas -He (16.255 psi, constant pressure mode). Samples (1 ml) were injected in splitless mode. Electron-impact mass spectra (EI-MS; 70 eV) were acquired over the m/z range 30-550. The solvent delay was 3 min.
DPPH assay was used to assess antioxidant potential of leaf essential oil according to the method of Brand-Williams et al. (1995) with few modifications. The working solution of DDPH (0.04 mg/ml) was prepared by dissolving 4 mg of DPPH in 100 ml of methanol and used promptly. Different concentrations (0.2, 0.3, 0.4, 0.5 w/v) of essential oil were tested in triplicate, and the absorbance of the essential oil and DPPH working solution was measured after 45 minutes. The obtained measures were used to calculate IC 50 values. Synthetic antioxidants were used as positive control (BHT, L-ascorbic acid).
RESULTS AND DISCUSSION
Essential oil yield and composition. A total of 78 compounds were detected and identified in essential oils. Both oils are characterized by high abundance of monoterpenes, which is characteristic of species belonging to the section Juniperus (Rajčević et al., 2013) . The main constituents of J. com munis var. communis essential oil were sabinene (39.4%), α-pinene (13.3%), myrcene (4.7%) and terpinen-4-ol (3.7%), while J. communis var. saxatilis essential oil had α-pinene (34.9%), sabinene (20.3%), δ-3-carene (6.4%) and germacrene B (6.3%) as the most abundant compounds. Two varieties also differed in the yield of the essential oil -J. communis var. saxatilis had twice the amount of essential oil than typical variety. Essential oil composition and yield are given in Table 2 . In the past decade, there have been a lot of papers published on the composition of needle essential oil of both varieties across Eurasia. For the typical variety, in most populations, essential oil was dominated by either sabinene or α-pinene, while the essential oil composition of J. communis var. saxatilis showed higher variability -with sabinene, α-pinene and limonene as the most abundant components (Chatzopoulou and Katsiotis 1993; Caramiello et al., 1995; Ochocka et al., 1997; Adams 1998; Angioni et al., 2003; Gonny et al., 2006; Ottavioli et al., 2009; Markó et al., 2011; Cabral et al., 2012) . Furthermore, the results obtained in this study also agree with the results obtained by Milojević et al. (2010) , also in Kopaonik Mt.
Antioxidant activity. Essential oil showed moderate to high antioxidant activity in comparison to positive controls (Table 3) . Essential oil of J. com munis var. saxatilis showed much higher activity than essential oil of the typical variety. Furthermore, the data obtained in this study showed somewhat similar results when compared with available literature data on juniper essential oil antioxidant activity. J. oxycedrus and J. pheonicea essential oil from Morocco showed the highest activity (0.020 and 0.025 mg/ml, respectively), while essential oil of J. phoenicea from Tunisia had the lowest activity (5.364 mg/ml). The essential oil composition also varied across the samples. Emami et al. (2007) studied also the antioxidative activity of several isolated monoterpenes. At a concentration of 4µl/ml, α-pinene showed no activity, sabinene showed low (4.82%), while γ-terpinene had the highest antioxidative activity (17.8%). Since direct comparison with literature data is almost impossible due to very large differences in representation of data and results obtained for positive controls (L-ascorbic acid, quercetin, BHT), IC 50 value of essential oils was calculated in respect to IC 50 value of the used positive control (Table 3) . When comparing these values, essential oil showed more or less the same activity, varying from 3 to 11% of positive control activity. 
CONCLUSION
Antioxidant activity of J. communis var. communis and var. saxatilis was similar with results obtained from other junipers throughout the Mediterranean region. Although antioxidant activity is weaker than used standards, it is still significant, especially in the light of potentially harmful effects of artificial antioxidants. Natural compounds with anti-oxidative potential are becoming more and more important, especially in food, cosmetic and drug industries.
